Handling pigs also poses a problem, as there is nothing to hold on to and some adult pigs can be very strong. The use of a pig board is strongly recommended when dealing with adult animals. Many pigs can be manoeuvred into a holding area with the offer of food or by placing an empty bucket over the head and pushing the animal backwards.
Smaller pigs can be held in dorsal or lateral recumbency but, for larger animals, it is best to use a weigh crate or cattle crush. Pigs can easily be tempted into these with a small amount of food.
F A R M A N I M A L P R A C T I C E
WHEN it comes to anaesthesia, pigs are one of the most difficult animals to deal with, owing in particular to the huge variation in bodyweight among individuals and breeds, their reluctance to being handled and complications in drug administration. This article provides practical pointers on how to sedate and anaesthetise pigs to allow minor surgical procedures to be carried out, and describes the options available, in terms of drugs and techniques. Monitoring of animals is important in all cases.
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Successful anaesthesia of pigs is very rewarding and does not have to be too complicated
In Practice (2007) 29, [34] [35] [36] [37] [38] [39] A snare can also be used to restrain adult pigs. This involves looping a steel cable or soft cotton rope into a noose and placing it over the snout and into the mouth behind the canine teeth. The pig will automatically pull back and, in the process, the noose is tightened sufficiently to allow handling.
Piglets will squeal a lot if held. One could be mistaken for thinking they are in severe pain but, in reality, it is simply because all pigs hate being restrained. It is advisable to wear ear defenders during handling as the squealing can damage hearing. It can also upset the mother and other pigs, so animals should be separated prior to restraint.
The temperament of pigs varies between individuals. They are intelligent animals, but also extremely strong and therefore should be approached with caution as they can be very dangerous.
Drug administration
Administering drugs to pigs is complicated -and there are a couple of important practical reasons why. First, they normally have at least 4 cm of subcutaneous fat, which makes intramuscular injections difficult. Consequently, if a poor response to drug administration is seen, it is not easy to assess whether this is due to underestimation of the bodyweight or because the drug was injected into fat tissue, which has a poor blood supply. When carrying out intramuscular injections, use at least an 18 gauge, 1·5 inch (3·75 cm) needle. The preferred site of administration is the neck muscle (just caudal to the ear), as this is best tolerated by pigs and has the least amount of subcutaneous fat; for those animals destined for food production, the neck muscle is also an inexpensive cut.
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Secondly, pigs' veins are not very accessible. The cranial vena cava is used for taking blood samples, but is not easy to catheterise or administer drugs into. The auricular vein on the external aspect of the ear is the most accessible, but is still difficult to locate in smalleared animals. To facilitate venepuncture, place a roll of bandage inside the ear and tape around it to create a steady platform; the veins can be raised by applying a rubber band tourniquet around the base of the ear. To aid vasodilation, the ear should be clipped, gently slapped and spirit rubbed on the surface. To reduce the pain of venepuncture, a local anaesthetic cream (eg, Emla; AstraZeneca) can be applied to the skin over the vein.
Tracheal intubation
Tracheal intubation is desirable, but not easy, as pigs are prone to laryngospasm during sedation and intubation, and after extubation. The anatomical design of a pig does not facilitate intubation as it has a narrow glottis and trachea relative to its overall size. The long soft palate, fatty cheeks, jowls and tongue, and narrow jaw angle also make visualisation of the epiglottis difficult. Placing pigs in sternal recumbency, as opposed to lateral recumbency, helps to reduce airway obstruction but, if the head is extended too far, it increases the risk of laryngeal obstruction. Interestingly, dorsal recumbency usually allows the excessive pharyngeal tissue to 'fall away' from the glottis, thus providing a good airway.
Thermoregulation
Thermoregulation is an extremely important consideration during anaesthesia, as pigs have little hair but lots of subcutaneous fat. In particular, the extremities of young patients should be kept warm to prevent hypothermia. Malignant hyperthermia is a possible complication of anaesthesia; while comparatively rare and most often associated with the use of halothane, it is vital that the signs are recognised and appropriate treatment The extremities of young patients should be kept warm during anaesthesia to prevent hypothermia
Anatomy of the larynx and associated structures
Familiarity with the anatomy of the larynx and associated structures is necessary for intubation. Pigs have pronounced arytenoids, a long downward sloping thyroid cartilage and a long thyrocricoid ligament on the floor of the larynx that acts as a blindending pouch through the glottis. Once through the larynx, the trachea slopes upwards away from the larynx. There is also a pharyngeal recess above the larynx and a laryngeal recess between the base of the epiglottis and the thyroid cartilage in the midline on the ventral floor of the larynx.
is instituted (see box above). Certain breeds, such as Landrace and Large White pigs, are more prone to this condition than others. It is important to take account of the external environment by avoiding both excessively cold and excessively hot temperatures. Anaesthetised pigs should be protected from direct sunlight too, as they are susceptible to sunburn.
Feed
Although vomiting is rare during induction and recovery from anaesthesia, feed should be withheld for at least six hours prior to anaesthetic induction, as a full stomach places unnecessary pressure on the diaphragm, which can reduce respiratory efficiency. If abdominal surgery is to be undertaken, feed should be withheld for 12 to 24 hours. Water can be allowed up until the time of anaesthetic induction/sedation.
SEDATION/PREMEDICATION
The drugs discussed below cause sedation in the pig, allowing minor surgical procedures to be carried out or facilitating handling for induction of anaesthesia. The degree of sedation varies and hence the choice of agent is determined by the technique to be employed. Azaperone, acepromazine and the benzodiazepines offer little or no analgesia.
BUTYROPHENONES
Azaperone (Stresnil; Janssen) is the most commonly employed sedative in pigs. It is cheap, effective and licensed for pigs, and can be used as: s A sedative for minor operations; s A premedicant; s An anxiolytic, both for weanlings when they are mixed for the first time and for maiden sows after their first litter to reduce the rejection of piglets.
The dose range for azaperone is between 1 and 8 mg/kg, with the usual dose being less than 2·5 mg/kg. It should be administered by deep intramuscular injection after which the pig should be left in a quiet area for 20 minutes to allow the agent to take effect. Doses greater than 1 mg/kg in boars have been associated with penile prolapse. Azaperone is frequently used in the field at a higher dose along with a local anaesthetic for castrations.
It is advisable to have a secondary heat source or a blanket to hand to keep the pig warm, as azaperone causes 
SEDATIVE AGENTS COMMONLY USED IN THE PIG
Respiratory obstruction
Respiratory obstruction is a major concern when sedating pigs. Brachycephalic breeds, such as Vietnamese pot-bellied pigs, are more prone to this. It is therefore advisable to have endotracheal tubes and a laryngoscope to hand and a method of ventilation (eg, mouth-to-tube or some form of self-inflating bag). In the surgery, oxygen can be administered either through the anaesthetic machine or via an oxygen demand valve. Placing the pig in dorsal recumbency may also alleviate the obstruction.
peripheral vasodilation and so increases heat loss. Care must be taken with heat lamps to avoid the risk of burning. Vasodilation enables easier venepuncture of the auricular veins.
Deeper sedation can be achieved by administering azaperone in combination with ketamine, with or without the addition of butorphanol, by deep intramuscular injection.
PHENOTHIAZINES
Acepromazine (ACP; Novartis) should be injected intramuscularly at the recommended dose of 0·03 to 0·1 mg/ kg. If given intravenously, it can lead to venous thrombosis. The drug has very unpredictable results and the same side effects as azaperone. It can be used in combination with ketamine.
BENZODIAZEPINES
Diazepam can be administered intramuscularly at a dose of 1 to 10 mg/kg, but has poor bioavailability, which can be improved by giving it intravenously at 0·5 to 2 mg/kg. Midazolam can be given intramuscularly or intravenously at a dose of 0·1 to 0·5 mg/kg. Either agent can be used in combination with ketamine. Benzodiazepines alone do not provide reliable sedation in adult pigs.
ALPHA 2 -AGONISTS
Xylazine is a lot less potent in pigs than in ruminants, and is liable to induce vomiting. It is best used in combination with ketamine and butorphanol at a dose of 1 to 3 mg/kg intramuscularly.
INDUCTION AND MAINTENANCE OF ANAESTHESIA
The sedative combinations discussed above may allow intubation and maintenance of anaesthesia with an inhalation agent and oxygen. The vasodilation caused by the sedatives should alternatively allow catheterisation of the auricular vein, enabling anaesthesia to be maintained using intravenous drugs. If no joy is achieved with endotracheal intubation or venous catheterisation, anaesthesia can be maintained via the intramuscular administration of further doses of sedatives/anaesthetics or with inhalation agents given via a face mask.
INJECTABLE DRUGS
Many of the drugs listed in the table below are not specifically licensed for use in pigs. An agent can only be used if it appears in one of the annexes (I to IV) of the Council Regulation (EEC) 2377/90, which establishes maximum residue limits for veterinary medicines used in food animals.
Ketamine
Ketamine provides good analgesia and causes only mild cardiovascular depression in healthy animals. If used alone, the swallowing reflex remains intact but the drug can cause muscular hypertonus and so should be used with a centrally acting muscle relaxant such as a benzodiazepine. The sole use of ketamine has been associated with excessive salivation, and excitement during recovery.
If tracheal intubation is not possible, ketamine at 5 mg/kg can be used with most sedative combinations to deepen anaesthesia. It can be administered either by intravenous or intramuscular injection.
Barbiturates THIOPENTAL Thiopental must be administered intravenously, with care taken not to inject perivascularly due to the irritant nature of the drug. The dose varies between 5 and 15 mg/kg, depending on how well the animal is sedated. PENTOBARBITAL Pentobarbital can be used in emergencies, but overdoses will cause excessive respiratory depression. It has a wide safety margin in small pigs but, in larger pigs, there are great variations in susceptibility. Pentobarbital takes longer than thiopental to cross the blood-brain barrier, so should be administered slowly into the vein. The dose varies between 5 and 15 mg/kg, depending on the level of sedation achieved with a premedicant. Pentobarbital should be administered to effect and provides 10 to 15 minutes of surgical anaesthesia, which can be topped up although large total doses can prolong the recovery. 
ALFADOLONE/ALFAXALONE
Monitoring anaesthesia in the field
The following parameters should be monitored during anaesthesia: s Heart rate s Pulse rate (difficult due to thick skin) s Respiratory rate s Mucous membrane colour s Rectal temperature s Skin temperature Pulse oximeters provide a relatively cheap, non-invasive and continuous means of measuring oxygen saturation of haemoglobin, as well as pulse rate. The problem is placement of the probe, which is relatively easy in piglets but, in adults, the best site is the ear (cleaned and clipped beforehand).
Fluid therapy
When surgery is being performed or anaesthesia is required to last for longer than one hour, a balanced electrolyte solution such as Hartmann's should be administered intravenously at a rate of 10 ml/kg/hour. In piglets, it is advisable to use warmed fluids (up to 38°C), as this will help them to maintain normal body temperature. The main problem with fluid therapy is intravenous access. wide, it can cause damage (eg, haematoma) and disastrous consequences can ensue due to the pig's narrow glottis.
Tracheal intubation can be performed in lateral, sternal or dorsal recumbency. Sometimes different positions are preferred for different sizes of pig but, on the whole, it is best to try one method and stick to it. A rigid stylet may be required to guide the endotracheal tube into the trachea.
When using a curved endotracheal tube: s Place the pig in sternal recumbency; s With the tip of the tube curving downwards, advance the tube into the glottis; s When resistance is felt, rotate the tube 180° and gently advance it into the trachea; s Having advanced the tube by 1 to 2 cm, rotate it back by 180° to enable passage down the trachea.
It is also possible to use a stylet that is three times the length of the endotracheal tube. The stylet can be used as a guide wire and passed through the larynx. The endotracheal tube is then run along the stylet into the trachea. If a stylet is used in this fashion, the endotracheal tube does not have to be rotated to fit through the larynx.
INHALATION AGENTS
Halothane or isoflurane can be administered via a face mask or endotracheal tube. The author does not recommend the use of face masks for long operations due to complications such as laryngospasm and respiratory obstruction, but they are fine for short procedures. These agents can be used for induction and maintenance, but it is not very practical to induce anaesthesia in large pigs using inhalation agents due to the problem of restraint and holding the snout in the mask.
The choice between the two agents depends on cost, availability of a vaporiser and operator confidence. Isoflurane is more pungent and is resented more if used for masking down, but induction and recovery are quicker with this drug.
The anaesthetic circuit should be chosen based on the pig's weight. A small animal circle can be used in pigs up to 135 kg; above this, a large animal circle is required. Adult pigs are normally maintained on 1 to 3 litres/minute of oxygen and 1·5 to 2·5 per cent halothane or 2 to 3 per cent isoflurane.
Animals should be checked for malignant hyperthermia, which is a greater concern with halothane compared with isoflurane. Both agents cause cardiovascular and respiratory depression. However, they have broad safety margins and, particularly in the case of isoflurane, provide relatively rapid induction and recovery.
